Objective and Background: We sought to identify predictors of extended duration of diarrhea in young children, which contributes substantially to the nearly 1 1/2 million annual diarrheal deaths globally.
Introduction
Approximately 1.3 million children die of diarrhea annually [1] and it is one of the leading causes of death and illness in children of developing countries. Efforts to reduce diarrheal morbidity and mortality have concentrated on prompt hydration therapy and have reduced the mortality from acute dehydrating diarrhea [2] . The introduction of rotavirus vaccines will further reduce the number of children dying from acute diarrhea.
Diarrhea may be classified into three syndromes, dysentery, acute diarrhea, and diarrhea with extended duration, where episodes compromising child nutrition are the most dangerous. Prolonged diarrhea is defined as diarrhea of a presumed infectious cause with acute onset that lasts for at least 7 days; if it lasts for at least 14 days, it is called persistent diarrhea [3] . Although prolonged and persistent diarrhea comprise only a small portion of all childhood diarrhea episodes, they account for more than half of days with diarrhea [4] . Furthermore, extended duration is related to impaired cognitive development, increased risk of malnutrition, micronutrient deficiencies, and death [3, 5, 6] .
Reduced host immunity, to a large extent caused by malnutrition and micronutrient deficiencies, plays an important role in the development of persistent diarrhea [3] . Persistent diarrhea is common in populations with a high prevalence of stunting and wasting [7] , and administration of zinc during acute diarrhea reduces the duration and the risk of persistence [8] . However, the mechanisms behind it and the relative contribution of different risk factors such as impaired innate or acquired immunity is still unclear [5] .
In many areas of the world, children experience repeated episodes of diarrhea [9] . Many cases are brought to physicians or other health workers who may pay little attention to these very common, usually mild but sometimes fatal illnesses. Current WHO management guidelines for acute, uncomplicated diarrhea are advice on home fluids, oral rehydration if the child has signs of some dehydration and continued feeding combined with oral zinc treatment [10] . Unfortunately, antibiotics, which are indicated in special syndromes such as cholera and bacterial or amoebic dysentery, are overused and may be harmful to the individual child. Because diarrhea is so common, such misuse contributes substantially to the spread of antibiotic resistance.
Thus, there is a need to, already in the acute phase, identify children at risk of severe illness beyond the identification of dysentery and dehydration.
Materials and Methods
We observed 391 episodes of acute non-bloody diarrhea in 335 children 6 to 35 months of age until cessation of the episode, to identify factors that were associated with a duration of.7 days after visiting our study clinic.
The study was conducted in Bhaktapur city near Kathmandu, the capital of Nepal from June 1998 till September 2000 including three wet and hot seasons. We included children with diarrhea enrolled in the placebo limb of a clinical trial measuring the effect of zinc on the outcome of acute diarrhea [11] . Cases of acute diarrhea were identified through weekly household visits and through visits to a field clinic. Study physicians undertook the initial interview and clinical examination, while trained field workers visited the homes for follow-up every fifth day until recovery. There were no known unusual or significant outbreaks of particular pathogens during this period.
The definitions and cut offs used in this analysis were decided before initiation of the study and are the same as those that were used in the analysis of the clinical trial during which the data was generated [11] . Diarrhea was defined as the passage of three or more watery or loose motions and a recent change in stool character in the preceding 24 hours. Only children with acute diarrhea that had lasted for four days or less were enrolled. A diarrhea free day was any day after inclusion with less than three loose and no watery stools. Recovery was defined as two consecutive days without diarrhea. Because the term ''Prolonged diarrhea'' is now used for episodes lasting 7 days or more, we here define a child as having diarrhea with extended duration when his or her diarrhea lasted longer than 7 days after inclusion. Children were allowed to reenter the study if more than four months had lapsed since the end of the last follow up period. Fifty-four children were included twice and two were included three times.
Acute lower respiratory infections, dysentery, anemia and severe malnutrition were managed according to WHO guidelines [12] . Oral rehydration salts (ORS) packets were given to the caretaker with instructions on its mixing and administration [12] . Whenever caretakers, usually mothers, or field workers suspected that medical care was needed, the children were taken to the clinic for examination by one of the study physicians. The examination and any treatment or transportation to other health facilities were provided free of charge. The study had ethical clearance from the Nepal Health Research Council, Kathmandu, Nepal. The implementation of all aspects of the project was in agreement with the international ethical guidelines for research involving human subjects as stated in the latest version of the Helsinki Declaration. Informed and, when possible, written consent was obtained from at least one of the parents.
The field workers were extensively trained to perform the clinical examination, retraining was done every five months throughout the data collection period [11] . During the entire study, in 8% of all home visits, supervisors or study physicians overlooked the field workers or undertook independent visits, again filling in the field workers' questionnaires in addition to a separate form on field worker performance. This was done to ensure appropriate interaction between the participants and the study staff and to maximize data quality. The children were weighed to the nearest 100 g and length to the nearest millimeter was measured using a locally made length board. Blood sampling and plasma zinc analysis were undertaken as described previously [11] . We examined the children and obtained day-wise information on illnesses every fifth day until recovery from the diarrheal episode. At each visit, we recorded details of illness characteristics, including the number and character of stools on each day since the last visit. We were not able to obtain the date of recovery from one child because the caretaker withdrew her consent and in another because he was absent during the scheduled visits.
All forms were checked manually by supervisors and physicians for completeness and consistency. The data was then double entered into databases with computerized logic, range and consistency checks. If errors were detected, the forms were returned to the field for correction the next working day. Weight for age, length for age, and weight for length z-scores were calculated using LMS values obtained from CDC growth charts. A wasted child had a weight for length Z -score ,-2, while a stunted child had a length for age Z-score ,-2. Statistical analyses were undertaken using StataH, version 10 (StataCorp, College Station, TX) and R version 2.0.0 (The R Foundation for Statistical Computing).
We assessed the association of relevant independent variables with the outcome in multiple logistic regression models. We used generalized additive models [13] to assess the relationship between the logit of the outcome variable and the continuous covariates. Adjustment for repeated entry of the same child was done using generalized estimation equations (GEE) [14] with an exchangeable covariance structure. The variables that were included in the initial crude assessments are shown in Table 1 . Based on these estimates, we selected variables for the multivariable model, as described elsewhere [15] . A number of possible interactions between independent variables were also assessed (breastfeeding6age, breastfeeding6stool frequency, age6season, and stool frequency6age). In an alternative procedure, we explored every possible combination of independent variables. For each combination, the Akaike's information criterion (AIC) value was computed [16] , and the model with the lowest value selected. Crude and adjusted odds ratios (ORs) are shown; the variables that were not retained in the multivariable models were left out. A P-value of less than 0.05 was considered to reflect statistical significance.
Results
The baseline characteristics of the study participants are listed in Table 2 . Forty-two percent of the 391 cases of acute diarrhea were included during infancy and there were more boys (55%) than girls. Eighty-two percent were breastfed, 4.3% exclusively so. Thirty percent were stunted and 24% wasted. The residence of the children was evenly distributed among the 17 administrative areas of Bhaktapur municipality. Twelve percent of the children had some dehydration at enrolment, while no cases presented with severe dehydration.
Sixty-seven (17.1%) of the 391 diarrhea cases for whom we had complete follow-up information had recovered one day after enrolment, 250 (63.9%) recovered within three days, 336 (85.9%) had an episode that lasted for a week or less, and 55 (14.1%) lasted for . 7 days after enrolling into the study. Nineteen (4.9%) episodes had a total duration of at least 14 days and could be classified as persistent diarrhea.
Identical variables were selected by the two variable selection procedures for building the final multivariable logistic regression model for extended illness duration. Breastfeeding status, age, stool frequency and season were all independently associated with an increased risk of having this outcome (Table 3) . However, stunting, wasting, underweight, fever, history of watery stools, vomiting and respiratory symptoms, hemoglobin and plasma zinc levels were not. Nor were maternal or paternal education or age, type and size of housing, whether the family of the child owned farming land or other variables reflecting socioeconomic status. Excluding children who were included more than once from the analyses did not alter the ORs substantially, using logistic regression models that did not take clustering into account and GEE models did also result in nearly identical results and revealed the same significant associations.
Logistic regression model with age and stool frequency as continuous variables.
For the final models we categorized stool frequency and age ( Table 3 ). The graphs depicting these relationships using generalized additive models with a logit link function showed that the associations between the logit of the response variable and age or stool frequency are linear (Figure 1 ). The OR for one unit increment in age (month) was 0.92 (95%CI: 0.87,0.97), and 1.13 (95%CI: 1.06, 1.21) for each additional stool during the last 24 hours. Age was did not modify the effect of breastfeeding [OR for the interaction term = 0.99 (95%CI: 0.87, 1.13)].
Model assessment
The ability of the logistic regression model to predict whether a child had prolonged illness was acceptable as the area under the receiver operator characteristic curve (AUC) was 0.74. Summary measures of goodness of fit assessed by the method of Hosmer and Lemeshow [17] were also in the acceptable range. 
Discussion
In the present study, we identified independent risk factors for having diarrhea of extended duration.
The odds of prolonged illness was 9.3-fold higher if a child was not breastfed, this effect was not modified by age. This is an argument for recommending breastfeeding, also beyond infancy in populations where childhood diarrhea is common. The benefits of breast milk on child health and survival are well recognized [18] , and an increased risk of persistent diarrhea in children that are not breastfed have been demonstrated previously [19] . Sequential infection may be a cause of persistent diarrhea [20] and the protective effect of breastfeeding may be through a reduction of the microbial exposure by a reduced intake of contaminated food or water and/or by immunoglobulins and other bioactive substances and essential nutrients in the breast milk. It should be noted that in our population, only four percent were exclusively breastfed. Children in Nepal are usually introduced to complementary food from four months of age and our children were all aged six months or older.
Younger children are less likely to have had previous exposures to enteropathogens than do older children. Previous exposure to a microorganism may induce specific immunity, which in turn may reduce stool frequency and episode duration. Moreover, the immune system goes through a development throughout early childhood independently of antigen exposure [21] . These two factors may in part explain why children aged 6-11 months had a higher risk of continuation of diarrhea compared to older children in our study.
Zinc is now recommended for the treatment of childhood diarrhea in low-income countries. Oral zinc treatment reduces episode duration and the risk of prolonged illness [11, 22, 23] . Furthermore, administration of zinc is less efficacious in infants compared to in older children [11, 24, 25] , and no study that only enrolled children less than 6 months of age has demonstrated a therapeutic effect of zinc [26, 27] . Thus, it seems that zinc is less efficacious in the age group where it is needed most. It should also be noted that the adjusted OR for extended diarrheal duration of not being breastfed was 9.3 (in favor of breastfeeding) while in the same population and for the same outcome, the OR for zinc treatment was 1.8 (in favor of zinc) [11] . Thus, breastfeeding promotion may be a more important intervention to prevent extended diarrheal duration than zinc treatment and may be more effective in infants who are at a substantially higher risk for prolonged and even persistent diarrhea compared to older children.
There was a strong association between the number of stools prior to enrolment and episode duration. This is in line with findings in Peru, where the risk of persistent diarrhea was associated with . 5 diarrheal stools per day in the first week of the acute episode [28] . In fact, in our study, there was a linear relationship between the number of stools and the logit of illness with extended duration. Innate and acquired immunity may reduce the severity and thereby the stool frequency and duration. Thus, stool frequency is probably related to the intensity of the intestinal infectious process. However, presence of fever, reduced general condition, or other clinical signs of severe illness at enrolment were not associated with prolonged disease. Stool frequency may be an indicator of the severity of the infection in the gut that may not be reflected in the other above- mentioned general signs of infection and could, in combination with the other predictors, help to identify children in most need of special attention. The effect of falling ill in the warm and wet period of the year on the duration of diarrhea may be due to seasonal variations in the transmission of different etiologic agents. During the warmer periods, the bacterial load increases by rapid growth in contaminated foods and possibly water [29] and increases the risk of severe disease. Viral diarrhea, which typically lasts for less than a week, is more prevalent during the cooler months while protozoan agents are more common during the wet and warm seasons [30, 31] . Cryptosporidium parvum and Cyclospora cayetanesis are associated with long lasting diarrhea and these are encountered more frequently during the wet season [32] . Furthermore, the parents spend more time working in the field in the wet and warm season and may then have less time to care for their children.
Although stunting and wasting were not predictive for duration .7 days, wasting was independently associated with a duration .14 days (data not shown). Wasting represents a state of acute malnutrition, and is also associated with several other serious infections. All children with this condition should accordingly be given special attention with nutritional support, regardless of the risk predicted by age, breast feeding-status, stool frequency and season.
Low plasma zinc is associated with an increased risk of infections [33] . In our study, however, the plasma zinc concentration was not associated with illness duration. Several factors, such as the degree of inflammation and hemodilution, affect plasma zinc levels during infections [34, 35] . Thus, plasma zinc levels may not be a good marker of zinc status when assessed during diarrhea, which could explain the lack of association with illness duration.
We excluded children with a preenrollment duration of more than 4 days. Thus, our findings may not be relevant for children who have had diarrhea for a longer time before visiting our clinic. Furthermore, our study was not powered to measure an impact on persistent diarrhea. Further studies should focus on identifying predictors for both prolonged and persistent diarrhea and identify mechanisms for these conditions.
Oral zinc therapy is recommended to all children in developing countries presenting with diarrhea [10] . However, the risk of prolonged illness is highest in late infancy, these children are also those who are less likely to respond to zinc treatment. Promoting breastfeeding may be the most effective strategy to reduce the incidence of diarrhea of extended duration in infants as well as in young children. A high burden of diarrhea in early childhood may increase the risk for cognitive impairment later in life [36] . Extended diarrhea is also associated with a substantial increased risk of malnutrition as well as persistent diarrhea [4] . Identification of risk factors for long lasting diarrhea and ensuring adequate care for children with these risk factors may thus also have implications beyond the duration of the episode.
